This paper aims to analyze the influence of the technological diversification on a firm's innovation capabilities and investigates the effect of various strategies on the firm's financial performance in a technology-oriented environment. We employ the entropy measurement to calculate technological diversification with 2095 patents, which are applied from years 2009 to 2011 by 507 firms that have participated in Korean government Information Technology (IT) Research and Development (R&D) supporting programs. In our framework, a firm should not diversify among the related technology fields, but should concentrate on a specific technology to reinforce the competitive advantage. However, in the case of the firms with sufficient resources, increasing technological diversification among the unrelated technology fields plays a key role on the firms' performance. Furthermore, the degree of the technological diversification should be adjusted dynamically in compliance with the change of a firm's innovation capabilities. Therefore, these results suggest that a firm should develop differentiated competitiveness through specialization by prioritizing its capabilities, and then exploit unrelated technological diversification to search for new opportunities.
Introduction
Recently, as the impact of technology on society as a whole increases, a technology oriented firm has gradually recognized the needs of sustainable technologies, which are technologies that solve many arising problems to sustain human life [1] . Although the seizing of these technologies is an explicit and simple way to sustain a firm's business activities, sustainable technologies alone are not enough, because technology has a finite life time, which can be seen through technology S-curve, disruptive innovation, and so on. In addition, many firms cannot develop sustainable technologies, due to their constrained resources. Thus, a firm is forced to explore other methods, one of which is to develop strategies to improve the performance of a firm by utilizing existing technologies and anticipating future technologies, and the performance in turn will act as a headstone for innovation that is sustainable [2] . Therefore, firms need to make prudent decisions regarding their technological diversification strategies because, in an environment characterized by rapid technological change, firm profitability depends on these strategies [3, 4] . Many researchers in various fields such as strategic management, industrial organization, and financial management have investigated the relationship between diversification and performance. They explain that there are usually two broad perspectives for a firm to choose the diversification strategy. First of all, a firm anticipates to gain incentives such as reduction of the risk, creation of the synergy among resources, and more spill-over from an investment perspective [5] [6] [7] [8] [9] . Secondly, increasing technology license through technological diversification causes other firms' technology dependency, in spite of raising value protection concerns in terms of an application view [10] [11] [12] . So, a firm establishes the optimal diversification strategy to maximize the benefit on the process of innovation activities including technology, product, and market.
Specifically, in technology-driven industries, a firm has been confronted with implementing breakthrough in new technologies, products, and processes to keep sustainable competitive advantages, as well as implementing converging technologies in combination of existing technologies to find new growth engines. So, as time goes on, a firm will prefer to evolve into multi-tech firm rather than hi-tech firm [13, 14] . On the other hand, the continuous increase in Research and Development (R&D) costs, the shorter technology life cycle, and the portfolio of products and services to meet market demands further compel to expand the scope of technology, thereby increasing the burden on the management [15] [16] [17] [18] . Ultimately, the prudent and rational strategy about the rate and degree of technological diversification is becoming increasingly important.
The theoretical framework for innovation in existing literatures can mainly be divided by the perspectives of classification and processing of resources for technological diversification [19] . In the resource-based view (RBV) framework, technological diversification develops synergy among the internal resources of a firm rather than risk-reduction [5, 20] . Inbound open innovation (OI) exploits external resources to explore and obtain knowledge from external sources such as information, alliance and licensing. Inbound OI helps small and medium-sized enterprises (SMEs) with technological diversification [12, [21] [22] [23] . This is a rational strategy considering SMEs are strictly constrained with limited internal resources. Bigliardi and Galati [24] show that IT firms are hesitant to employ OI due to knowledge barriers that may cause the loss of know-how and/or imitation by competitors, rather than financial and organizational problems in previous studies on the hinders of OI. The researchers also assert the importance of intellectual properties rights. It is also interesting to note that heterogeneity and immobility, which are prerequisites for resources that are important in RBV, can be maintained even in a recent networked environment where alliances are frequent. These results show that a firm needs to consider not only internal resources but also shared resources [25] .
In contrast, given the importance of active coping with resources and a firm's capabilities in a rapidly changing turbulent environment, the dynamic capabilities theory (DCT) may be considered as the most appropriate innovation framework to explain technological diversification. However, in contrast to RBV and OI that analyze the impacts of technological diversification on the acquisition and exploitation of internal or external resources, DCT seeks to integrate and reconfigure existing resources [26] . DCT differs from the above two innovation frameworks by employing a process view for technological diversification [19, 27] . The research on technological diversification, in this end, needs to be analyzed in details, varying from internal resources of a firm based on RBV to external resources with OI. It is necessary to optimize the recombination of these resources in the view of DCT.
To achieve this, this study first investigates the internal corporative strength and resources on the effectiveness of technological diversification from a RBV perspective. Furthermore, we will further investigate different modes of resources (both internal and external) and different capabilities with the seized resources such as dynamic integration, learning and reconfiguration [19, 26] .
As mentioned above, a firm tends to prefer technological diversification as a strategy to maximize the availability of internal resources. From this point of view, most of the previous studies demonstrate that technological diversification is positively linked with a firm's performance, as it leads to more innovation and creates synergy among technological resources such as know-how and intellectual properties [5] [6] [7] 15, 20, 28] . There are also, notwithstanding, many reviews that argue a firm should focus on specific technology due to specialization and economy of scale [29] [30] [31] [32] [33] . On the other hand, researchers acknowledge that the relationship between technological diversification and performance is not linear as the technological diversification increases, but rather, curvilinear of inverted-U, because of the correlation between the synergy among resources and the management cost [16, [34] [35] [36] . It is also found that a firm has the features of conditional opposition by the moderators such as the firm's absorptive capacity, technological relatedness, technological capabilities, and firm's size [5, [37] [38] [39] .
One of the possible explanations for why there is no clear consensus on this topic is that insufficient consideration has been given to two important factors. First, the innovation capabilities of a firm, which allow a firm to improve current products or create new products, are not static, but rather vary over time and with changes to the environment [4, 40] . So, the effects of technological diversification on a firm must be interpreted individually upon the changes of the innovation capabilities of the firm.
Next, a firm's resources cannot merely be regarded as a dependent variable on the performance. Even though a firm has enough capabilities and good performance, it may intentionally adjust the amount of resources to take advantage of the benefits like policies for SMEs, which are at the time of building the technology strategy [41] . For example, Peter Pan syndrome, where the firm prefers remaining small despite the eligibility to expand the scale, is a typical phenomenon resulting from external conditions surrounding a firm. It is, therefore, reasonable to analyze the effects of technological diversification by distinguishing firms' groups with similar size and regime [42] .
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Literature Review and Hypotheses

Related Technological Diversification (RTD) Versus Unrelated Technological Diversification (UTD)
We adopt the view that technological diversification can be divided into unrelated technological diversification (UTD), which indicates the extent of technological diversification among irrelevant technology fields, and related technological diversification (RTD), which refers to the extent of technological diversification on relevant technology fields, with the entropy measurement [29, 34, [44] [45] [46] . The entropy measurement has advantages in terms of simple measurement, repeatability, and objectivity compared to categories measurement like seven categories [3, 47] . In addition, it is capable of more detailed and sensitive analysis compared to Herfindahl index due to a logarithm factor [47, 48] .
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Negative Figure 1 . The 2 by 2 matrix of relationship between resources and innovation capabilities of firms' groups.
Literature Review and Hypotheses
Related Technological Diversification (RTD) Versus Unrelated Technological Diversification (UTD)
As the market becomes more competitive, mature, and unfriendly, a firm should research and develop new products resulting from technology convergence and interactions among different technology fields through various R&D projects based on plenty of resources in order to search for the new fields for value creation [44, 49] . However, technological diversification requires the coordination and integration cost for the resources. In particular, the management costs for heterogeneous technologies can go beyond linear relationships and lead to exponential growth because the coordination and integration are more difficult [15, 16, 50] .
Therefore, a large firm that is capable of carrying out innovation against the cost burden, as well as having more physical, financial, manpower, and technological resources to implement diverse projects, has to focus on UTD strategy to gain a dominant position in emerging markets, away from a competitive and unfriendly market environment [5, 39, 42] . On the contrary, a small firm that suffers from limited resources need to consider alternatively not only in-house R&D but also OI which is strategic networks such as cooperation between firms, alliances, outsourcing in order to advance into the new field in spite of the concerns about the leakage of knowledge due to inter-firm networking [24, 25] . So, the following hypotheses are proposed:
Hypothesis 1A (H1A). UTD is positively associated with a firm that has sufficient capabilities.
Hypothesis 1B (H1B). UTD is positively associated with a firm that can possess a lot of resources.
If UTD is said to have an impact on a firm in creating new value, RTD is a strategy to consider in terms of how to capture value for a firm. A firm can strengthen the value by providing customers with a variety of customized products developed by related technologies [42] , which is based on sharing accumulated technology stocks within common scientific principles or similar heuristics of search [51] .
Furthermore, a firm may capture the value through the efficient use of internal resources and the benefits to invest more on R&D, since RTD gives the attenuation in the R&D project risk, receives more spill-over, and brings cost reduction from economy of scale [6, 16] . Hence, this study postulates the following hypothesis: Hypothesis 2 (H2). RTD is positively affected with a firm's performance monotonically.
Dynamic Technological Diversification Strategy Based on a Firm's Innovation Capabilities
In a rapid technological change environment, a technology-based firm is always sensing and seizing the opportunities, managing threats, and executing reconfiguration to gain profitable growth. A firm prefers to follow innovation activities along its routine since heuristic path-dependent way gives more comfort to the firm and changing routines may increase cost. However, the strategy of recombination and reconfiguration of the assets should be modified as a firm either grows or declines [4] .
A recent paper even suggests that the temporary competitive advantage is more appropriate model than sustainable competitive advantage to explain the capabilities that impacts a firm's performance more than sustainable competitive advantage under extremely dynamic, uncertain, and unstable technology environment [18] . RBV also perceives that the differentiated resources may dissipate over changes in environment and time, and consider the importance of the dynamic resources management [51] .
From a firm's perspective, a firm should adjust the degree of the technological diversification persistently in accordance with its capabilities, as nothing is indefinitely sustainable [7] . Therefore, the following hypothesis is proposed: Hypothesis 3 (H3). Dynamic technology diversification strategy responding to changes in a firm's innovation capabilities has positive effect on the firm's performance. 
Materials and Methods
Data
This paper investigates the relationship between technological diversification and a firm's performance by primarily using the firm's patent applications and financial data. Korean IT firms are leading the IT industry of the world, and the OECD analyzed that the United States, Japan and Korea led inventive activities in IT, Bio and Nano innovation from 2010 to 2012. This makes Korean IT firms to be appropriate samples for research on technology diversification and performance [52] . The information of firms participated in Korean government IT R&D supporting programs (K-IT R&D Programs) is obtained from the National Science & Technology Information Service (NTIS), which is managed by the Korean government (Ministry of Science, ICT & Future Planning).
The original dataset included all Korean firms participating in K-IT R&D Programs from 1999 to 2011, which require verification process for the level and capabilities of innovation by the third-party evaluation agency. From this data, we eliminated firms that neglected crucial information needed for analysis such as net income, return on sales, and the number of International Patent Classification (IPC) included in a patent. Of the remaining data, we carefully selected firms so that the selected set of firms will represent the demographics of diverse IT sectors of the Korean IT firms. The final selection of 507 Korean firms consist of different sizes and sectors, which are in concurrence with the distribution of the entire Korean IT firms.
The patent data were collected from the database maintained by the Korean Intellectual Property Office (KIPO) and the worldwide patent information service provider (WIPS). Patent is regarded as a good objective indicator to measure a firm's innovation activities. Patents can be seen from two perspectives: one as the result of R&D activities, and another one as the extension of R&D investment. Depending on the two perspectives, patents can be seen either as an input or output index. Also, since only a part of firms' innovations is reflected as patents, it is risky to determine firms' innovation using solely patents [53] . However, firms participating in Korean Government R&D Program are required to file the results of technology innovation as patents, and the number and quality of patents are used as an important index to determine the successiveness of the project. In addition, patent application is used to evaluate the position of a firm's technological competence in many literatures [16, 17, 39, 54] . Moreover, some researchers have argued that a patent leads the degree of technological diversification of a firm, and it is positively associated with the firm's performance [6, 55] . Therefore, we adopt patents as the index that show the results of firms' innovation activities, which are directly related to firms' performances.
IPC, which consists of several hierarchical structures, is an index that classifies the technical attributes of a patent. The code is mainly used to distinguish technology fields related to a patent and to measure the degree of technology diversification. The class level of the IPC code usually represents unrelated technology fields [6, 54, 56 ]. Furthermore, the subclass level can describe various technologies in detail since it has more than 7400 codes for group categories [57, 58] . Thus, total technological diversification is measured at subclass level of the IPC code to calculate RTD through Jacquemin-Berry entropy measure, and UTD is measured at class level [44, 47] .
Therefore, to measure the technological diversification at firm's level, we adopt the IPC codes of the 2095 patent applications that are produced by the sample firms participated in K-IT R&D Programs from 2009 and 2011.
Financial data consisting of total asset, sales, and net income of the sample firms from 2002 to 2012 are obtained from the database maintained by National Information & Credit Evaluation Inc., which is a famous and reputable credit information and financial service agency in Korea.
Variables
Firm's innovation capabilities (PCAP) and performance (FPER): A firm has an innovation system that not only improves its innovation capabilities through the interactive processes such as learning Sustainability 2017, 9, 1239 6 of 16 various precedents, adopting and diffusing of the knowledge, and creating new ideas, but also links innovation capabilities to the firm's performance [59] .
In the technology-driven industry, attention should be paid to the role of technological innovation capabilities to manage the innovation system successfully. However, it should be noted that technological innovation capabilities are not referring to patent-oriented technological assets, which may be often confused, but to the comprehensive set of characteristics including business factors such as manufacturing, production, marketing, organization, and strategy planning [37, [60] [61] [62] .
For example, even though a firm has outstanding technological patents, it may be obliged to require expensive resources like organization and financial assets for continuous development and production of products. In addition, although the innovation system affects a firm's innovation capabilities positively in terms of mid-and long-term, it might act as a firm's risk in short-term because of requiring the cost at that time. So, it is necessary to regard technological innovation capabilities as the overall capabilities of a firm instead of the narrow scope like the technological assets in order to analyze the relationship between performance and the technology strategy.
Therefore, we define a firm's innovation capabilities (PCAP) as the firm's growth rate for the period when the firm made its decision to engage in R&D planning and project participation. On the other hand, we also calculate a firm's growth rate to evaluate the firm's performance (FPER), as is calculated with PCAP (i.e., the benefits of technological diversification after the period during which their technology strategy is planned).
Time periods (TPCAP, TFPER): Occurrence of time lags is inevitable among strategy, R&D, and performance [53, 63] . In order to investigate the influence of technological diversification on the FPER under PCAP, we divide time periods, as shown in Figure 2 , into TPCAP and TFPER, which respectively are the prior stage in which a firm applies for patents (i.e., at the period when a firm 
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Groups (NN, PN, NP and PP):
To compute a firm's growth rate, return on sales (ROS) of each firm for each year during the period from 2002 to 2012 is measured, and then 4 year moving average ROS is calculated for each year from 2005 to 2012 to eliminate some of the noise in annual financial data [5, 47, 50] . Secondly, the linear regression analysis for relationship between ROS and year for each firm in both TPCAP stage and TFPER stage is implemented. The sign of coefficient in the result indicates the trend of either capabilities or performance. So, in order to investigate the influence of technological diversification in accordance with a firm's innovation capabilities, firms are classified into 4 groups, which are negative PCAP-negative FPER (NN), positive PCAP-negative FPER (PN), negative PCAP-positive FPER (NP), and positive PCAP-positive FPER (PP), according to the sign of coefficient of the linear regression analysis.
Firm's size (Small, Large): The previous literatures argue that innovation may be either increased or decreased as the linear increment of a firm's size [64] . The reason for this is that the relationship between management efficiency and the amount of resources comes from the premise related with internal mechanism, where linear proportional properties exist. In other words, the wealth of Firm's size (Small, Large): The previous literatures argue that innovation may be either increased or decreased as the linear increment of a firm's size [64] . The reason for this is that the relationship between management efficiency and the amount of resources comes from the premise related with internal mechanism, where linear proportional properties exist. In other words, the wealth of resources of a large firm means that economies of scale can be achieved, and a small firm can respond swiftly and flexibly to rapid changes in the environment. A firm's size, moreover, is a trade-off between internal benefits and various external conditions like tax exemption, managerial transparency, government R&D policies, and employment benefits. Thus, as a firm grows, it often does not naturally increase the amount of resources, but deliberately limit them according to external conditions. These often occur in Korea [65] because various exclusive benefits such as government R&D budget to overcome the barriers of risky R&D projects or to stimulate internal R&D, tax exemption, and employment benefit are offered to small firms meeting the statutory requirements [66, 67] .
For this reason, we divide the sample firms into the following conditions in order to compare groups that have both similar amount of resources and external conditions [68] . Small is defined as less than 100 million dollars of sales per year and less than 500 million dollars of total assets, and Large is other firms by law that defines the small firm in the Korean government.
Technological diversification (TD, UTD, RTD): For the purpose of the research for technological diversification at TPCAP stage, we calculate total technological diversification (TD) of each group as below:
where P i is the proportion of technology fields in Nth IPC code at subclass level (i.e., group level) of a patent S in each group. An attractive feature of the entropy measure is that it can split related and unrelated components [47, 48] . As described above, UTD is technological diversification at class level, and UTD of each group is calculated as follows:
where P k is the proportion of technological field in Mth IPC code at class level of a patent S in each group. Also, M is less than or equal to N. Lastly, the RTD of each group is given by the following equation.
Results
Time Lag between Technological Diversification Strategy and Performance
According to common innovation studies, time between patent application to subsequent sales takes about 3 years [54] , and time between R&D activities and patent granted takes about 3 years [55] . If we consider the process period for patent registration, we can estimate that R&D activities to patent application takes less than 3 years [69] . Note that R&D pre-planning period is included. In other words, a firm spends time to sense, seize, and reconfigure for the opportunities [4] . For example, government is obliged to make a 0.5 to 1 year plan for the project in K-IT R&D Programs, and then the maximum project announcement period of 0.5 year is kept for the firms that want to participate in the project. Consequently, a time lag between the decision stage to participate in the project and patent applications is more than 3 years. Therefore, with the patents applied in between 2009 and 2011, we can infer that the decision for a firm to undertake R&D activities is decided from 2005 to 2008 (i.e., TPCAP). We investigate whether or not technological diversification in compliance with firm's innovation capabilities at this period affects FPER. Tables 1 and 2 present the descriptive statistics for the sample firms, patent applications, and the means and standard deviation for both UTD and RTD. In addition, t-tests with a significance level The results of the t-tests (Tables 3 and 4 , Figure 3 ) demonstrate that both UTD and RTD affect FPER in terms of PCAP and both Small and Large differently. According to the results, the lower RTD group under the same condition of PCAP (NN versus NP or PN versus PP) has the better FPER for both Large and Small, in spite of the fact that the increase from NN to NP has significance within 0.1 significance levels. On the other hand, in case of UTD, there is no significant differences of the mean among the groups in Small, but it is found that in Large, the mean of NP and PP are much higher than that of NN and PN.
Statistical Analysis for both UTD and RTD
Interestingly, the lower RTD, the better FPER in Small. In Large, however, the higher UTD, the better FPER under the condition of RTD like Small. These imply that Small and Large should choose different technological diversification. Significance levels: *** p < 0.001, ** p < 0.01, * p < 0.05, † p < 0.1. 
Discussion
Association of Technological Diversification with FPER
Hypothesis H1 assumes that UTD has positive influence on FPER of a firm, which has capabilities to implement innovation activities and manage its sufficient resources. As the result shows, because UTD is significant only in Large, hypothesis H1B is valid in that UTD affects FPER according to the amount of resources available to the firm and external conditions [5, 39] . However, hypothesis H1A for the FPER according to PCAP is not significant in that FPER of the groups with higher UTD shows better results in common.
In conclusion, in order to create new value, firms over certain size, which can possess sufficient resources, need to exploit new markets through technology convergence.
Hypothesis H2 predicts that RTD contributes to FPER affirmatively. However, both Small and Large should reduce RTD to achieve the better FPER regardless of PCAP as shown in Table 3 and  Table 4 . These results can be interpreted as that it is more important to secure differentiated resources than to manage factors such as the amount of resources, the conditions of competency and the business environment. This also is in line with the most fundamental premise of sustainable competitive advantage presented in RBV [70] .
The relationship between technological diversification and strategic concentration can be considered a trade-off. That is, although there is a positive aspect that provides efficient use of resources and various choices for customers, it also shows inevitable limitation in lower quality of resources as dispersing firm's innovation capabilities [5, 45] . 
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The effect also is more significant to Small than Large. Hence, on the contrary, as previously stated in Hypothesis H2, a firm should not choose RTD strategy to gain the better FPER.
Just like the results of the IT firms, the value of RTD of PN group is higher than that of PP group in both small and large; the value of RTD of NN group is higher than that of PP group in small; the value of UTD of NN group in large is lower than that of NP group in large. These results are commonly observed in 183 firms engaged in bio-technology (BT) and in 130 firms engaged in nano-technology (NT). In other words, the higher UTD in large is better for FPER, and the lower RTD in both small and large is better for FPER. These results show the likelihood of applying the results to other industries. However, the number of patents surveyed from BT and NT firms, unfortunately, are just 462 and 448, which is not a convincing data considering the number of BT and NT firms. Thus, in this paper, we discuss only the results of IT firms.
How to Control Both UTD and RTD Dynamically in Order to Accomplish and Sustain Better FPER?
Hypothesis H3 supposes that technological diversification strategy should be revised dynamically as PCAP changes, because there is no single solution for sustainable competitive advantage in rapidly changing technology environment [18] .
Therefore, we first implement the analysis for the relationship between technological diversification and PCAP with the results shown in Tables 3 and 4 , and Figure 3 . First of all, the relationship between RTD and PCAP group in Small is analyzed. Assuming that the each mean of RTD in NN and NP is RTD 1 and RTD 2 , the relationship between the two can be expressed as follows:
In the same way, if the mean of RTD in PP and PN is RTD 3 and RTD 4 ,
Also,
where α SR , β SR , and γ SR are positive coefficients of each RTD. Considering the significance of the difference of the means between NP and PP:
Therefore, we can derive the following result in Small. Figure 4 summarizes the resulting dynamic technological strategy model derived from this analysis. Based on this model, assuming that Firm A, which has negative PCAP, is trying to look for the opportunities to jump into positive FPER, it should not diversify into related technology, but should instead focus on specific technology since α SR < 1. If Firm A achieves positive FPER at t 1 through technology focusing strategy from the standpoint of t 0 , it switches Firm A', which has positive PCAP at t 1 . Then, the firm should focus on the core technology more intensively in order to sustain growth (Firm A") since γ SR < α SR . However, if Firm A' chooses RTD strategy to create the synergy among related technologies, negative FPER is predicted because 1 < β SR , so it will fall back again at t 2 . Secondly, in the case of Large, both UTD and RTD are done likewise Small.
where αLR, βLR, and γLR are positive coefficients of each RTD, and αLU, βLU, and γLU are positive coefficients of each UTD for Large. Considering the significance of the difference of the means between NN-PN, and NP-PN in UTD and NP-PP in RTD, Eventually, building up capabilities dynamically through specialization in accordance with PCAP is more important for Small. Unfortunately, UTD was excluded from the analysis because it was not significant in Small, as described above.
Secondly, in the case of Large, both UTD and RTD are done likewise Small.
where α LR , β LR , and γ LR are positive coefficients of each RTD, and α LU , β LU , and γ LU are positive coefficients of each UTD for Large. Considering the significance of the difference of the means between NN-PN, and NP-PN in UTD and NP-PP in RTD,
And
Therefore, we can derive the following results in Large.
In contrast to Small, if Firm A that has negative PCAP wants to find the opportunities, it should diversify unrelated and related technologies in all sorts of ways as shown by α LU > 1 and α LR > 1. This means that for a firm with a large number of resources that lacks capabilities, it should make the efforts both to explore new opportunities and to improve the inefficiencies of the resources it holds at the same time. Consequently, if Firm A moves to Firm A' at t 1 , Firm A' should keep the equivalent level of UTD, and it should downscale RTD and concentrate in a specific technology in order to go to Firm A" at t 2 since 1 < γ LU and 0 < γ LR < 1. If it is passive in leading the market through value creation or wants to create the synergy among technologies by constraint, it will be confronted by negative FPER again at t 2 .
Conclusions
The goal of this paper is to investigate how firms, in a long term, are likely to establish a technological diversification strategy as capabilities change while sustaining competitiveness and improving performance in order to remain economically and socially sustainable. Although the conclusions are mainly from IT firms, preliminary research from BT and NT firms shows similar trends, and thus it is possible to generalize the following interesting and meaning results regardless of technology fields.
First, UTD positively affects firm's performance only when backed up with sufficient resources. For this reason, it should be noted that the majority of firms with limited resources constraints cannot achieve a significant effect on the performance with technological diversification into heterogeneous sectors. In other words, in order for these firms to escape a subordinate role in the market, it is necessary to take an alternative strategy such as OI that makes the optimized use of external resources as well. A firm with limited resources may also exploit additional opportunities externally with distinctive characteristics of new product development (NPD), i.e., radical, integrated, modularity, and incremental [71] . This also requires a careful review using a risk detection system in perspective of knowledge, organization, finance and strategy barrier [24] .
Second, in order to solve the current capabilities deterioration, the firm should first decide the priority between the improvement of the efficiency of the resources possessed by the firm and the expansion of the differentiated resources. A large firm improves the efficiency of resource utilization and breaks through the current difficulties through active entry into new fields. It is noteworthy that a large firm continues to need to expand into UTD even after its capabilities have been improved (1 < γ LU ).
Third, once capabilities of the firm improve, it should endeavor technology focusing more intensively than ever, and in addition to this, the firm with sufficient resources should diversify among unrelated technologies steadily at the same time. It means that it should always exploit and explore technology fields to seize the opportunities, but should have differentiated capabilities for specialization.
Finally, especially for Korean firms, the optimal strategy is to secure differentiated competitiveness in their core technologies, and the firms with sufficient resources, simultaneously, have to establish a challenging strategy to create new value.
Based on these results, future research direction can be proposed. While the findings of the current study focus on the dynamic adjustments to the degree of technological diversification according to PCAP, we will extend the scope of resources that may be applied to technological diversification to include external resources, and investigate how to reconfigure these captured resources. This will improve a firm's performance by the innovation frameworks such as OI and DCT.
Furthermore, for the more in-depth analysis, our research can expand in two ways. Internally, financial and non-financial capabilities, including growth potential of patents, can be considered to capture and improve weaknesses of a firm. Externally, condition of market environment, whether it is emerging or matured, can be considered to identify strategies that can cope with condition of markets, where a firm operates.
